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[57] ABSTRACT

Pharmaceutical compositions containing 3,3a,6,6a-tet-
rahydrofuro[3,4-b]furan derivatives including canaden-
solide and 3-epi-dihydrocanadensolide. Novel 3,3a,6,6a-
tetrahydrofuro[3,4-b]furan derivatives bearing a variety
of substituents in the 3- and 6-positions selected from
alkyl, phenyl, alkoxycarbonyl, methylene, benzylthi-
omethyl and optionally substituted phenylthiomethyl.
The compositions and novel compounds show anti-
ulcer activity and are useful in the treatment of gastric
or duodenal ulcers.
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1
PHARMACEUTICAL COMPOSITIONS

This application is a continuation-in-part of Ser. No.
612,531, filed Sep. 11, 1975, now U.S. Pat. No. 5
4,032,651.

This invention relates to new pharmaceutical compo-

sitions which possess ulcer-healing properties.
According to the invention there is provided a phar-

maceutical composition which comprises as active in- 1g
gredient a compound having the formula:
R! I
R2
© 15
O =0
|
O R R
20

wherein R!lis a hydrogen atom, an alkyl radical of from
1 to 10 carbon atoms or a phenyl radical; R%is a hydro-
gen atom or a phenyl radical; and wherein R3is a hydro-
gen atom or an alkyl radical of from 1 to 10 carbon
atoms and R*%is a hydrogen atom or an alkoxycarbonyl

radical of from 2 to 10 carbon atoms; or R3is a hydrogen
atom and R%is a radical of the formula R3SCH,—,

wherein R’ is a benzyl radical or a phenyl radical op-
tionally bearing one or two substituents selected from
halogen atoms, alkyl and alkoxy radicals each of from 1
to 4 carbon atoms, and carboxylic acid radicals; or R3
and R* together form the methylene (=CH,) radical;
but excluding the known optically-active compound
dihydrocanadensolide; together with a pharmaceutical-
ly-acceptable diluent or carrier. |

It will be observed that the furof3,4-bjfuran-2,4-dione
structure, which is numbered as follows:
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has four potential asymmetric centres, namely those at 4>
the 3, 3a, 6 and 6a positions, and that an active ingredi-
ent of the composition of the invention may therefore
exist In one or more racemic or optically-active forms of
varying stereochemistry that is, in varying epimeric
forms. It is to be understood that the above definition of 30
active ingredient encompasses any racemic or optically-
active form falling within the said definition which
possesses ulcer-healing properties, it being a matter of
common general knowledge how such properties may
be determined by the tests hereinafter described. It is
further to be understood that the two furan rings will
always be cis-fused, that is, the hydrogen atom at the
3a-position and the radical R? at the 6a-position must
always be on the same side of the furo[3,4-b]furan nu-
cleus. Throughout this specification the position of the
hydrogen atom at the 3a-position and the radical R? at
the 6a-position of the furo[3,4-blfuran will be designated
as a-, and the stereochemical arrangement of the other
substituents designated a- or - correspondingly.
Using this nomenclature, the known optically active
compound dihydrocanadensolide is the epimer named
63-n-butyl-3,3aa,6,6aa-tetrahydro-3a-methylfuro|3,4-
b]-furan-2,4-dione. This configuration for the epimer
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2
has been confirmed by Kato et alia, Chemical Commu-
nications, (1971), 1561.

A particularly suitable value for R!or R*when it is an
alkyl radical 1s, for example, a methyl, ethyl, propyl,
butyl, pentyl, hexyl, octyl or decyl radical. A straight-
chain alkyl radical is preferred, for example an n-pro-
pyl, n-butyl, n-pentyl, n-hexyl, n-octyl or n-decyl radi-
cal.

A particularly suitable value for R* when it is an
alkoxycarbonyl radical is such a radical of from 2 to 4
carbon atoms, for example, a methoxycarbonyl or
ethoxycarbonyl radical.

A particularly suitable value for an alkyl or alkoxy
radical when it is a substituent on the phenyl radical RS
is for example, such a radical of from 1 to 4 carbon
atoms, for example a methyl or methoxy radical respec-
tively.

A particularly suitable halogen atom when it is a
substituent on the phenyl radical R’ is, for example, a
fluorine, chlorine or bromine atom.

A particularly suitable value for R°is, for example, a
4-fluoro-, 4-chloro-, 4-bromo-, 2-bromo-, 2-methyl-,
3-methyl-, 4-methyl-, 3-methoxy-, 4-methoxy-, 2-car-
boxy-, or 3-methyl-4-bromo-phenyl radical or a phenyl
or benzyl radical.

The pharmaceutical composition of the invention
may be obtained by conventional means using conven-
tional diluents and carriers, and it may be in a form
suitable for oral administration, for example in the form
of a tablet, capsule, aqueous suspension, oily solution or
suspension, emulsion, dispersible powder, granule,
syrup or elixir; or for parenteral administration, for
example 1n the form of a sterile injectable aqueous sus-
pension or oily solution or suspension; or for rectal
administration, as a suppository.

Compositions intended for oral use may be prepared
according to any method known to the art for the man-
ufacture of orally-administrable pharmaceutical compo-
sitions, and such compositions may contain one or more
agents selected from sweetening agents, for example
sucrose; flavouring agents, for example essential oils;

and colouring agents, in order to provide an elegant and
palatable preparation.

The tablets of the invention may contain the active
ingredient in admixture with conventional pharmaceuti-
cal excipients. Suitable pharmaceutical excipients are,
for example, inert diluents, for example lactose; granu-
lating and disintegrating agents, for example calcium
carboxymethylcellulose, microcrystalline cellulose or
maize starch; binding agents, for example polyvinylpyr-
rolidone; and lubricating agents, for example magne-
sium stearate. The tablets may be uncoated or they may
be coated by known techniques to increase stability or
to mask unpalatable taste. They may also be formulated
so as to delay disintegration and absorption in the gas-

tro-intestinal tract and thereby provide a sustained ac-
tion over a longer period.

Formulations for oral use may be presented as hard

~gelatin capsules containing active ingredient only or

containing the active ingredient in admixture with an
mnert solid diluent, or they may be presented as soft
gelatin capsules wherein the active ingredient is mixed
with an oily medium.

The aqueous suspensions of the invention may con-
tain the active ingredient in admixture with conven-
tional pharmaceutical excipients. Suitable excipients
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are, for example, suspending agents, and dispersing or
wetting agents.
The pharmaceutical composition of the invention

may also be in the form of an oil-in-water emulsion or
olly suspension in which the cily phase may be a vegeta-

ble or mineral oil, or a mixture of these. A suitable
antioxidant or emulsifying agent may also be present.

Dispersible powders and granules suitable for the
“extemporaneous preparation of an aqueous suspension
by the addition of water may contain the active ingredi-
ent in admixture with a dispersing or wetting agent,
suspending agent and one or more preservatives.

Syrups and elixirs may be formulated with sweeten-
ing agents, and may also contain a demulcent, a preser-
vative and flavouring and colouring agents.

Compositions intended for parenteral administration
may be sterilised by conventional methods.

The pharmaceutical composition of the invention
may alternatively be in the form of a suppository in-
tended for administration of the active ingredient per
rectum. Such a composition may be prepared by mixing
the active ingredient with a conventional non-irritating
excipient which is solid at ordinary temperatures but
liquid at the rectal temperature and which will there-
fore melt in the rectum to release the active ingredients.

The majority of the compounds of formula I are
novel compounds. However a specific group of com-
pounds of formula I comprises the known optically
active compounds canadensolide and 3-epi-dihy-
drocanadensolide; the known racemic compounds of
formula I wherein R!is an n-butyl radical, R?is a hydro-
gen atom and R’ and R* are both hydrogen atoms, or
R3 and R*together form the methylene radical, or R*is
a hydrogen atom and R?%is a methoxycarbonyl radical,;
the known racemic compounds of formula I wherein
R!is a methyl radical, R? is a phenyl radical, R3is a
hydrogen atom or a methyl radical and R*is a hydrogen
atom; and the known racemic compound 6a-ethyl-
3,3aq,6,6aca-tetrahydrofuro]3,4-blfuran-2,4-dione.

Within this specific group, the compounds other than
the last three form another specific group, and of these,
the known optically active compounds, canadensolide
and 3-epi-dihydrocanadensolide are preferred.

The canadensolide used as active ingredient in the
composition of the invention may be obtained by fer-
mentation of the organism Penicillium canadense, as
described by McCorkindale et alia, Tetrahedron Let-
ters, (1968), 727. Canadensolide is 683-butyl-3-methy-
lene-3,3aa-6a,6aca-tetrahydrofuro[3,4-b]furan-2,4-
dione.

The 3-epi-dihydrocanadensolide (68-butyl-38-meth-
yl-3a,3aa,6a,6aa-tetrahydrofurof3,4-blJfuran-2,4-dione)
used as active ingredient in the composition of the in-
vention has been described by T. P. Roy, Ph.DD. Thesis,
University of Glasgow, 1970, and it 1s obtained as a solid
of m.p. 70° C., by a conventional catalytic hydrogena-
tion of the 3-methylene group in canadensolide.

The various known racemic compounds used as spe-
cific active ingredients in the composition of the inven-
tion may be obtained as described by Kato et alia,
Chemical Communications, (1971), 1561 . and by
Mukaiyama et alia, Bulletin of the Chemical Society of
Japan, 1971, 44, 101.

According to a further feature of the invention there
is provided a novel 3,3a,6,6a-tetrahydrofurof3,4-b]-
furan-2,4-dione of the formula:

S5
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wherein Rlis a hydrogen atom, an alkyl radical of from
1 to 10 carbon atoms or a phenyl radical; R?is a hydro-
gen atom or a phenyl radical; and wherein R?is a hydro-
gen atom or an alkyl radical of from 1 to 10 carbon
atoms and R*is a hydrogen atom or an alkoxycarbonyl
radical of from 2 to. 10 carbon atoms; or R*is a hydrogen

atom and R* is a radical of the formula R°SCH,—,

wherein R° is a benzyl radical or a phenyl radical op-
tionally bearing one or two substituents selected from
halogen atoms, alkyl and alkoxy radicals each of from 1
to 4 carbon atoms, and carboxylic acid radicals; or R3
and R* together form the methylene radical (=CH,);
but excluding such compounds wherein:

a R!is an n-butyl radical, R?is a hydrogen atom, and
either R?is 2 hydrogen atom and R*is a hydrogen atom
or a methoxycarbonyl radical, or R3is a methyl radical
and R*is a hydrogen atom, or R3 and R*together form
the methylene radical; or

b Rlis an ethyl, i-propyl or n-pentyl radical and R?,
R and R*are all hydrogen atoms; or

c Rlis a methyl radical, R?is a phenyl radical, R3is a
hydrogen atom or a methyl radical, and R*is a hydro-
gen atom; or

d R'is hydrogen or a phenyl radical, R?is a phenyl
radical, and R? and R# are hydrogen.

Particular groups of new compounds of the invention
comprise those compounds of formula I wherein:

1 Rlis a hydrogen atom, or a methyl, propyl, isopro-
pyl, s-butyl, t-butyl, Cs_,-alkyl, or a phenyl radical; R?
is a hydrogen atom; and either R3is a hydrogen atom or
C,.10-alkyl radical and R*is hydrogen or a C,_,-alkox-
ycarbony! radical, or R’and R*together form the meth-
ylene radical;

2 R'is a hydrogen atom, a C,.,g-alkyl, or phenyl radi-
cal; R?is a hydrogen atom; R?is a C,_j4-alkyl radical; and
R#is a hydrogen atom or a C,_,y,-alkoxycarbonyl radical;

3 R'is an ethyl or an n-butyl radical; R?is a hydrogen
atom; R’ is a C,_y-alkyl radical; and R*is a hydrogen
atom or a C,_p-alkoxycarbonyl radical;

4 Rlis a hydrogen atom, or a methyl, ethyl, propy],
isopropyl, s-butyl, t-butyl or Cs_s-alkyl radical; R?is a
hydrogen atom; and either R?is a methyl radical and
R*is a hydrogen atom or a C, ;5-alkoxycarbonyl radical,
or R’ and R*together form the methylene radical;

5 Rlis a hydrogen atom or a C, ,,-alkyl radical: R2is
a phenyl radical; R’is a hydrogen atom or a C,_,-alkyl
radical; and R*is a hydrogen atom or a C,_;,-alkoxycar-
bonyl radical,; |

6 R'is a methyl radical; R?is a phenyl radical; R3is a
C,.10-alkyl radical; and R*is a hydrogen atom or a C,_,-
alkoxy carbonyl radical.

7 Rlis a phenyl radical, R?is hydrogen, R3is hydro-
gen or a C, g-alkyl radical and R*is hydrogen or a
C,.j0-alkoxycarbonyl radical, or R3 and R* together
form the methylene (—CH,) radical; or 8 R!is a phenyl
radical, R%is hydrogen, R3is a C_o-alkyl radical and R*
is a hydrogen. |

Particularly active compounds of the invention are,
for example, 63-phenyl-3a-methyl- and 68-phenyl-38-
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methyl-3,3aa,6,6aa-tetrahydrofuro|3,4-bjfuran-2,4-
dione.

A particularly suitable value for R, or R;, when it 18
a C, p-alkyl radical is, for example, an ethyl, propyl,
butyl, pentyl, hexyl, octyl or decyl radical. A straight-
chain alkyl radical is preferred, for example an n-pro-
pyl, n-butyl, n-pentyl, n-hexyl, n-octyl or n-decyl radi-
cal.

A particularly suitable value for R, or R;when it is a

10

Ci.10-alkyl radical is, for example, a methyl radical ora

C,.i0-alkyl radical as defined immediately above.

A particularly suitable value for R; when it is a C5 ;-
alkyl radical is for example, a pentyl, hexyl, octyl or
decyl radical. A straight-chain alkyl radical is preferred,
for example, n-pentyl, n-hexyl, n-octyl or n-decyl radi-
cal.

A particularly suitable value for R, when it is a C, o~

15

alkoxycarbonyl radical 1s, for example, such a radical of ,q

from 2 to 4 carbon atoms, for example, a methoxycar-
bonyl or ethoxycarbonyl radical.

Another particular group of novel compounds of the
invention comprises those compounds of the formula:

R, II

O

|
o

CH,SR’

wherein R!is a hydrogen atom, an alkyl radical of from
1 to 10 carbon atoms or a phenyl radical, and R’ is a
benzyl radical or a phenyl radical optionally bearing
one or two substituents selected from halogen atoms,
alkyl and alkoxy radicals each of from 1 to 4 carbon
atoms, and carboxylic acid radicals.

A particularly suitable value for an alkyl or alkoxy
radical when it is a substituent on the phenyl radical R’
is, for example, such a radical of from 1 to 4 carbon
atoms, for example, a methyl or methoxy radical respec-
tively.

A particularly suitable halogen atom when it is a
substituent on the phenyl radical R’ is, for example, a
fluorine, chlorine or bromine atom.

A particularly suitable value for R”is, for example, a
4-fluoro-, 4-chloro-, 4-bromo-, 2-bromo-, 2-methyl-,
3-methyl-, 4-methyl-, 3-methoxy-, 4-methoxy-, 2-car-
boxy-, or 3-methyl-4-bromo-phenyl radical or a phenyl
or benzyl radical.

Yet further groups of new compounds of the inven-
tion comprise those compounds in any one of the above
mentioned particular groups wherein R! has the same
configuration as in the naturally occurring compounds
canadensolide and dihydrocanadensolide, that is the
B-configuration as defined in this specification.

It will be observed that the majority of novel com-
pounds of the invention are comprised by combinations
of the above mentioned particular groups.

According to a further feature of the invention there
is provided a novel 3,3a,6,6a-tetrahydrofuro|3,4-b]fu-
ran-2,4-dione derivative which is a racemic compound
of the formula:
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R! 11
0
0 =0
o

wherein R! is an n-butyl radical, and R® is a methyl
radical.

The compound wherein R!is a 8-n-butyl radical and
R’is a B-methyl radical is (Z)-3-epi-dihydrocanadenso-
lide, and wherein R!is a B-n-butyl radical and R?is a
a-methyl radical is (&=)-dihydrocanadensolide, neither
of which compounds have been described previously in
racemic form.

Specific novel compounds of the invention are set out
in Examples 1-19 hereinafter.

The novel compounds of the invention may be ob-
tained by any process applicable to the manufacture of
chemically-analogous compounds. Such processes are
exemplified by the following in which R}, R?, R3, R*and
R° have the meanings stated above unless specifically
stated otherwise: (a) For a novel compound of formula
I wherein R*is an alkoxycarbonyl radical of from 2 to
10 carbon atoms, that is a compound of the formula:

IV

I
O

R® CO,R®
wherein R is an alkyl radical of from 1 to 9 carbon

atoms, oxidising the olefinic bond in a compound of the
formula:

R'—CH R A
N/
T
CH~-C~-~CO,R®
/]
R’0,C R’

wherein R®has the meaning stated above and R7and R&,
which may be the same as or different from RS, are alkyl
radicals of from 1 to 9 carbon atoms and cyclising the
product thereby obtained by reaction with an acid.
The oxidation is conveniently carried out in a polar
organic solvent for example, aqueous acetone or an
organic acid, for example formic acid and the cyclisa-
tion may optionally be carried out as a separate step in
an organic ether, for example, diethyl ether or tetrahy-
drofuran. Both reactions are conveniently carried out at
a temperature of, for example, from 0° C. to 100° C., and
particularly at a temperature of from 20° C. to 50° C.
When R? and R’ are hydrogen atoms the starting
material for this process may conveniently be obtained
by the reaction of an acetylenic Grignard reagent of the
formula RIC=C-Mg--X, wherein X is a halogen atom,

for example, a bromine atom, with a compound of the
formula:
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CORE Vi R VIII
/ 2 RZ :
R"OZC—CH=C\ O
wherein R% R7and R®have the meanings stated above, (l_', CO,H

followed by partial hydrogenation of the acetylenic

bond in the intermediate thereby obtained which has 1g

the structure:

R 1 VI
|
C
A\
C CO,R?
| /
CH—CH
7 / \ o
R’0,C CO,R

wherein R® R7and R2have the meanings stated above.

When a compound of formula V wherein R? is an
alkyl radical 1s required, a compound of formula VII or
V, wherein R?is hydrogen, may be alkylated.

The stereochemistry at the 6-position of the furo|3,4-
blfuran-2,4-dione nucleus may be determined by the
type of oxidation carried out. If a cis-oxidising agent,
for example osmium tetroxide, is used, a compound
wherein R?is hydrogen and R!is other than hydrogen
will be obtained in which the hydrogen atoms at the
ring-junction positions 3a and 6a and the substituent R!
are all on the same side of the furo[3,4-b]furan nucleus,
(a-configuration); if a trans-oxidising agent, for example
a per-acid, 1s used, such a compound wherein the three
hydrogen atoms at positions 3a, 6 and 6a are all on the
same side of the furo[3,4-b]furan nucleus (a-configura-
tion) and the substituent R!is on the opposite side (8-
configuration) will be obtained.

When a cis-oxidising agent for example, osmium tet-
roxide, 1s used for the oxidation, the reaction is particu-
larly conveniently carried out in, for example, aqueous
acetone and at a temperature of from 20° C. to 25° C,,
and the cyclisation is conveniently carried out as a sepa-
rate step using an anhydrous acid, for example anhy-
drous hydrogen chloride in an organic ether. When a
trans-oxidising agent, for example a per-acid for exam-
~ ple performic acid, is used, the reaction is particularly
conveniently carried out in an excess of an organic acid,
for example formic acid, and at a temperature of from
30° C. to 50° C,, and under these conditions the cyclisa-
tion also takes place. (b) For a novel compound of for-
mula I wherein R4is hydrogen, the stages of (i) hydroly-
sing the corresponding compound of formula I wherein
R#*is an alkoxycarbonyl radical of from 2 to 10 carbon
atoms and then (1) decarboxylating the intermediate
compound of formula I obtained wherein R*is a carbox-
ylic acid radical.

The hydrolysis and decarboxylation are conveniently
carried out 1n the same reaction vessel, for example by
heating the alkoxycarbonyl derivative with a mineral
~acid, for example aqueous hydrochloric acid, at from
90° C. to 120° C. (¢) For a novel compound of formula
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I wherein R® and R*together form the methylene radi-

cal, reacting a carboxylic acid of the formula:

with formaldehyde.

The reaction is conventently carried out in the pres-
ence of an organic acid, for example, acetic acid, a base,
for example sodium acetate, and diethylamine.

The reaction is conveniently carried out at a tempera-
ture of from 50° C. to 120° C., for example, from 90° C.
to 100° C. |

The starting material for this process is conveniently
obtained in situ by hydrolysing the corresponding ester
of formula I wherein R*is an alkoxycarbonyl radical of
from 2 to 10 carbon atoms, by reaction with, for exam-
ple, a mixture of concentrated hydrochloric acid and
acetic acid at a temperature of, for example, from 50° C.
to 60° C. (d) For a novel compound of formula I
wherein R? is a methyl radical and R*is a hydrogen
atom, reducing the corresponding compound of for-
mula I wherein R?and R*together form the methylene
radical.

The reduction may conveniently be carried out in an
organic solvent, for example, acetic acid and by means
of hydrogen in the presence of a palladium catalyst and
at a temperature of, for example, from 0° C. to 30° C. It
1S to be understood that the hydrogen atom R* will
normally be inserted on the same side of the furo[3,4-
blfuran-2,4-dione nucleus as the substituent R2 and the
hydrogen atom at position 3a of the nucleus, that is the
major product will be the compound of formula I
wherein R’ is a 8-methyl] radical and R*is an a-hydro-
gen atom. (e) For a novel compound of formula I
wherein R?and R3are hydrogen atoms and R*is a radi-
cal of the formula R°SCH,—, that is a compound of
formula II, reacting the corresponding compound of
formula I wherein R3 and R*together form the methy-
lene radical with a thiol of the formula R°~—SH.

The reaction is conveniently carried out in a diluent
or solvent, for example aqueous tetrahydrofuran, at a
temperature of from 0° C. to 40° C,, for example at from
20° C. to 25° C,, and it is preferably carried out under
mild alkaline conditions, for example at about pH 9. (f)
For a novel compound of formula I wherein R2, R3and
R* are each hydrogen, cyclising a compound of the
formula:

R! IX
OH
O
/ CH, . CO,R’
0

wherein R’ is as defined above.

The cyclisation is conveniently carried out in an an-
hydrous diluent or solvent, for example ether, in the
presence of an acidic reagent, for example dry hydro-
gen chloride, and at a temperature of, for example, from
0° C. to 100° C., and particularly, at from 20° C. to 50°
C.
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The starting material of formula IX may be obtained

by the catalytic reduction of the corresponding tetronic
acid of the formula:

Rl
OH
O

" CH,CO,R’
O

wherein R’ has the meanings stated above. This tetronic
acid may be obtained by conventional means, and the
compound wherein R'!is a hydrogen atom is a known
compound. (g) For a novel compound of formula I
wherein R?is an alkyl radical of from 1 to 10 carbon
atoms and R*is an alkoxycarbony! radical of from 2 to
10 carbon atoms, alkylating the corresponding com-
pound of formula I wherein R?is a hydrogen atom and
R*is an alkoxycarbonyl radical of from 2 to 10 carbon
atoms by reaction with an alkyl halide of the formula
R’X, wherein R’ is an alkyl radical of from 1 to 10
carbon atoms, and X is a displaceable radical, for exam-
ple, a halogen atom for example, a chlorine, bromine or
10dine atom.

The reaction is conveniently carried out in a dry inert
diluent or solvent, for example dimethylformamide, at a

temperature of, for example, from 40° C. to 100° C., and
in the presence of a strong base, for example sodium
hydride.

(h) For a novel compound of formula I wherein R2is
a phenyl radical, R’ is a hydrogen atom or an alkyl
radical of from 1 to 10 carbon atoms and R*is a hydro-
gen atom or an alkoxycarbonyl atom of from 2 to 10
carbon atoms, reacting a succinic anhydride derivative
of the formula:

O a ‘ 0O ; P O XI
R’ R*
with a reactive intermediate of the formula:
R, Ph XI1I
e
$> \<
(CH;),S O

The reaction is conveniently carried out in an inert
solvent, for example an organic ether, for example tetra-
hydrofuran, and at a temperature of, for example, from
20° C. to 100° C,, for example at the boiling-point of the
solvent.

The intermediate of formula XII used as starting
material may be obtained by reacting an a-bromoketone
of the formula:

XIII

with silver tetrafluoroborate and dimethylsulphide in a
solvent, for example acetone, to give a salt of the for-
mula:
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10
XIV
R! " Ph
(CH,),S 0

which is then basified with, for example, a mixture of an
aqueous solution of sodium hydroxide and an aqueous
solution of potassium carbonate, at a temperature of
from 0° C. to 20° C.

According to a further feature of the invention there
is provided a process for the manufacture of a com-
pound of the formula III wherein R!is an n-butyl radi-
cal and R’ is a methyl radical, which comprises the
stages of (1) hydrolysing and (ii) decarboxylating the
corresponding racemic compound of the formula:

Rl XV

I
O

R’° CO,R®
wherein R! and R® have the meanings stated immedi-

ately above and R°is an alkyl radical of from 1 to 9
carbon atoms. -

The hydrolysis and decarboxylation reactions are
conveniently carried out in the same reaction vessel for
example by heating the alkoxycarbonyl derivative with
a mineral acid, for example hydrochloric acid, in a polar
organic solvent, for example acetic acid, at for example
from 90° C. to 120° C.

According to a further feature of the invention there
is provided a process for the manufacture of a com-
pound of formula III wherein R!is an n-butyl radical
and R’ is a methyl radical which comprises reducing
racemic canadensolide or 6-epi-canadensolide with hy-
drogen in the presence of a palladium catalyst, conve-
mently at a temperature from 0° C. to 30° C. The major
product obtained in each case is the compound wherein
R?is a B-methyl radical.

The compounds of formula I possess ulcer-healing
properties and are useful for treating duodenal or gas-
tric ulcers in warm blooded animals.

The ulcer-healing properties may be demonstrated by
the oral or subcutaneous administration of the active
ingredient to rats in which duodenal ulceration has been
produced by the application of acetic acid to the duode-
num. In this test the specific compounds of formula I as
described in the specification produced a substantial
reduction in the size or incidence of duodenal ulcers at
a dose in the range from 0.5 mg./kg. to 20 mg./kg. No
overt toxic effects were detected at the active dose in
this test.

The pharmaceutical composition of the invention
may contain, in addition to the furo[3,4-b]furan-2,4-
dione active ingredient, one or more known drugs
known to be of value in the treatment of ulcers and
compatible with the furo[3,4-b]furan-2,4-dione deriva-
tives of the invention.

When used for healing ulcers in warm-blooded ani-
mals, including humans, it is expected that the active
ingredient in the composition of the invention will be
administered at a daily dose of between 0.5 and 100 mg.
per kg. bodyweight, preferably between 0.5 and 20 mg.
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per kg. bodyweight, at doses spaced at about 4-5 hourly

intervals. A preferable dosage regime in man is a dose of

50 to 200 mg. four times per day.

The invention is illustrated but not limited by the
following Examples in which all evaporations are car-
ried out by rotary evaporation under reduced pressure.

EXAMPLE 1

- A solution of barium chlorate (0.577 g.) in water (20
ml.) is added to a solution of methyl 2,3-dimethoxycar-
bonyloct-cis-4-enoate (0.95 g.) in acetone (22 ml.), os-
mium tetroxide (0.1 g.) is then added and the mixture is
stirred at a temperature of 20°-25° C. for 20 hours,
diluted with water, and extracted three times with ether
(50 ml. each time). The combined ethereal extracts are
dried over sodium sulphate, hydrogen sulphide is
passed through the solution, and the mixture is filtered.
The filtrate is repeatedly treated with hydrogen sul-
phide and filtered until no further black precipitate is
formed, and the final filtrate is again dried over sodium
sulphate. Dry hydrogen chloride is passed through the
final filtrate, and the mixture is filtered. The solid prod-
uct is crystallised from a mixture of chloroform and
petroleum ether (b.p. 60°-80° C.) (hereinafter referred

to as “petrol”) and there is thus obtained in 15% vield,
- (£)-3,3aa,6,6aa-tetrahydro-3-methoxycarbonyl-6a-n-
propylfuro[3,4-b]furan-2,4-dione, m.p. 125°-127° C.

The methyl 2,3-dimethoxycarbonyloct-cis-4-enoate
used as starting material is obtained as follows:

Pent-1-yne (27 ml., freshly distilled from anhydrous
potassium carbonate) is added dropwise during 30 min-
utes to a stirred Grignard solution prepared from mag-
nesium (6.3 g.) and ethyl bromide (21 ml.) in tetrahydro-
furan (130 ml.) which is heated under reflux, and the
mixture is stirred and heated under reflux for a further
15 minutes and then cooled to a temperature of 20°-25°
C. Tetrahydrofuran (20 ml.) is added, the mixture is
cooled in an ice/salt bath, cuprous chloride (1.6 g.) is
added and a solution of methyl 1,3-dimethoxycar-
bonylacrylate (35 g.) in tetrahydrofuran (100 ml.) is
then added dropwise. The mixture is stirred at 0° C. for
30 minutes, allowed to warm up to a temperature of
20°-25° C. during 50 minutes and then poured into
saturated brine (1 liter). The mixture is acidified to pH
2 with concentrated aqueous hydrochloric acid and
extracted three times with ether (500 ml. each time).
The combined extracts are washed with saturated brine
until the washings are no longer acidic, dried (sodium
sulphate) and evaporated. The residue is distilled under
reduced pressure and there is thus obtained in 70%
yield, methyl 2,3-dimethoxycarbonyloct-4-ynoate, b.p.
- 100°-125° C./0.15 mm.

A solution of the above compound (10 g.) in metha-
nol (20 ml.) is added to a mixture of a 5% palladium-on-
barium carbonate catalyst (0.6 g.), quinoline (0.24 ml.)
and methanol (140 ml.) which has been equilibrated
with hydrogen, and the mixture is shaken in an atmo-

sphere of hydrogen at atmospheric pressure and a tem-

perature of 20°-25° C. until 1.03 liters of hydrogen have
been absorbed. The mixture is filtered and the filtrate is
evaporated. The residue is dissolved in ether, and the
solution is washed with aqueous 3N-hydrochloric acid
and then with saturated brine, and then evaporated.
There is thus obtained methyl 2,3-dimethoxycar-
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bonyloct-cis-4-enoate, in 95% yield which is used with- _

out further purification.
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EXAMPLE 2

The process described in Example 1 is repeated ex-
cept that oct-l-yne is used in place of pent-1-yne to
prepare the starting material. There are thus similarly
obtained methyl 2,3-dimethoxycarbonylundec-4-ynoate
in 65% yield, b.p. 135°-140° C./0.1 mm.; methyl 2,3-
dimethoxycarbonylundec-cis-4-enoate in 98% vield:
and finally (=£)-6a-n-hexyl-3,3aa,6,6aa-tetrahydro-3a-
methoxycarbonylfuro-[3,4-b]furan-2,4-dione in 199%
yield, m.p. 127° C. |

EXAMPLE 3

The process described in Example 1 is repeated ex-
cept that phenylacetylene is used in place of pent-1-yne
to prepare the starting material. There are thus similarly
obtained methyl 2,3-dimethoxycarbonyl-5-phenylpent-
4-ynoate in 57% yield, m.p. 65° C. after crystallisation
from ether; methyl 2,3-dimethoxycarbonyl-5-phenyl-
pent-cis-4-enoate in 95% yield; and finally (3)-3,3aa,6-
,6aa-tetrahydro-3a-methoxycarbonyl-6a-phenyl-
furo[3,4-b]Jfuran-2,4-dione in 24% yield, m.p. 109°-110°
C.

EXAMPLE 4

A mixture of (*)-3,3aa,6,6aa-tetrahydro-3a-methox-
ycarbonyl-6a-n-propylfuro[3,4-b]Jfuran-2,4-dione (1.2
g.) (Example 1), glacial acetic acid (36 ml.) and aqueous
6N-hydrochloric acid (72 ml.) is heated at 110° C. for 2
hours and then evaporated. The residue is crystallised
from a mixture of ether and petrol and there is thus
obtained in 82% yield (+£)-3,3aa,6,6aa-tetrahydro-6a-
n-propylfuro3,4-bjfuran-2,4-dione, m.p. 92°-93° C.

The process described above is repeated except that
the corresponding 6a-n-hexyl derivative (Example 2) or
6a-phenyl derivative (Example 3) is used in place of the
6a-n-propyl derivative. There are thus similarly and
respectively obtained in 82% yield, (+)-6a-n-hexyl-
3,3aa,6,6ac-tetrahydrofuro[3,4-bjfuran-2,4-dione, m.p.
96°-97° C. and in 87% yield, (£)-3,3aa,6,6aa-tetrahy-
dro-6a-phenylfuro[3,4-b]furan-2,4-dione, m.p.
129°-131° C.

EXAMPLE 5

A solution of (£)-6a-n-butyl-3,3aa,6,6aa-tetrahydro-
3-methylenefuro[3,4-b]furan-2,4-dione (0.4 g.) in glacial
acetic acid (15 ml.) is added to a suspension of palladous
chloride (250 mg.) in glacial acetic acid (5 ml.) which
has been equilibrated with hydrogen, and the mixture is
shaken in an atmosphere of hydrogen at atmospheric
pressure and a temperature of 20°-25° C. until uptake of
hydrogen ceases. The mixture is filtered, the filtrate is
evaporated, and the residue is crystallised from a mix-
ture of ether and petrol. There is thus obtained in 90%
yield, (*=)-6a-n-butyl-3,3aa,6,6aa-tetrahydro-33-
methylfuro-[3,4-bJfuran-2,4-dione, m.p. 82°~83° C.

EXAMPLE 6

Thiophenol (0.2 ml.) is added to a solution of cana-
densolide (0.22 g.) in a mixture of tetrahydrofuran (8
ml.) and aqueous buffer solution of pH 9.2 (1 ml.) and
the mixture is kept at a temperature of 20°-25° C. for 2
hours and then poured into saturated aqueous ammo-
nium chloride solution (50 ml.). The mixture is ex-
tracted three times with chloroform (25 ml. each time)
and the combined extracts are dried (sodium sulphate)

“and evaporated. The residue is crystallised from a mix-

ture of chloroform and petrol and there is thus obtained
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in 46% yield, an epimeric mixture of 68-n-butyl-
3,3aa,6,6aa-tetrahydro-3a-and 68-n-butyl-3,3aa,6,6aa-
tetrahydro-38-phenylthiomethyl-furo[3,4-b]furan-2,4-
dione, m.p. 108°-110° C.

EXAMPLE 7

A solution of 3-ethoxycarbonylmethyltetronic acid
(3-ethoxycarbonylmethyl-2,5-dihydro-4-hydroxyfuran-
2-one) (12.6 g.) in glacial acetic acid (40 ml.) is added to
a suspension of a 5% rhodium-on-alumina catalyst (3.0
g.) in glacial acetic acid (25 ml.) which has been equili-
brated with hydrogen, and the mixture is shaken in an
atmosphere of hydrogen at atmospheric pressure and a
temperature of 20°-25° C. until 2.5 liters of hydrogen
have been absorbed. The mixture is filtered, the filtrate
is evaporated, and the residue is dissolved in ether. Dry
hydrogen chloride is passed through the solution and
the solution is cooled to 0° C. and then filtered. The
solid product is crystallised from a mixture of acetone
and petrol and there is thus obtained in 42% yield,
(F)-3,3aa,6,6aa-tetrahydrofuro|3,4-b]-furan-2,4-dione,
m.p. 125°-127° C.

EXAMPLE 8

The process described in Example 5 is repeated ex-
cept that racemic canadensolide, (%)-68-n-butyl-
3,3aa,6,6ac-tetrahydro-3-methylenefuro|3,4-blfuran-
2,4-dione, 1s used as starting material. There is thus
obtained in 90% yield racemic 3-epi-dihydrocanadenso-
lide, (*+)-68-n-butyl-3,3aa,6,6aa-tetrahydro-38-
methylfuro[3,4-bjfuran-2,4-dione, m.p. 74°-76° C.

EXAMPLE 9

The process described in the first part of Example 1 is
repeated except that the corresponding olefinic triester
of the formula:

XVI
CO,CH,
Rl
CO,CH,
CH,0,C

is used in place of methyl 2,3-dimethoxycarbonyloct-
cis-4-enoate. There are thus obtained the following
(*)-6a-substituted-3,3aa,6,6aa-~tetrahydro-3a-methox-
ycarbonylfuro-[3,4-bjfuran-2,4-diones:

Compound
No. 6-substituent % yield m.p. (° C.)
1 methyl 23 127-129
2 n-octyl 20 127~128
3 n-decyl 21

128-130

The required olefinic triester starting materials of the
above formula are obtained using a procedure similar to
that described in Example 1 for methyl 2,3-dimethox-

ycarbonyloct-cis-4-enoate but starting from the corre-
sponding acetylenic triester of the formula:

R!. CZ=C CO,CH, xvil
CH,0,C CO,CH;

There are thus obtained methyl 2,3-dimethoxycarbonyl-
hexcis-4-enoate, methyl 2,3-dimethoxycarbonyltridec-
cis-4-enoate and methyl 2,3-dimethoxycarbonylpenta-
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dec-cis-4-enoate respectively which are used without
purification.

- The corresponding acetylenic triester starting materi-
als of the above formula are themselves obtained using
a similar procedure to that described for methyl 2,3-
dimethoxycarbonyloct-4-ynoate in Example 1 but using
the corresponding alk-1-yne in place of pent-1-yne.
They have the following properties:

Ester Physical
No. R! Yield % Properties
1 methyl 36 b.p. 108-112° C.
(0.1 mm. Hg.)
m.p. 54-58° C.
2 n-octyl 56 b.p. 152-154° C.
(0.1 mm. Hg.)
3 n-decyl 66 b.p. 170-174° C.
(0.15 mm. Hg.)
EXAMPLE 10

A solution of methyl-2,3-dimethoxycarbonylnoncis-
4-enoate (50 g.) in 98% w/v formic acid (150 ml.) is
heated at 40° C. with 30% w/v hydrogen peroxide
solution (30 ml.) for 3 hours. The solution is cooled and
excess peroxides are decomposed by the careful addi-
tion of finely divided palladium (0.1 g.) (freshly pre-
pared by reduction of aqueous palladous chloride solu-
tion). After filtration, the solution is evaporated to give
a gum which is then dissolved in methanol (100 ml.).
The solution obtained is saturated with hydrogen chlo-
ride during 10 minutes and the mixture evaporated. The
residual syrup is dissolved in a 1:4 v/v mixture of ether
and petrol respectively and added to a column (7.5 cm.,
diameter) containing silica gel (2500 g.) in the same
solvent. The column is eluted successively with mix-
tures containing 1:4 v/v (8L.), 3:7 v/v (8L.) and 1:1 v/v
(S0L.) respectively of ether and petrol. The fractions
eluted with the 1:1 v/v mixture of solvents are com-
bined and evaporated. The residue (10 g.) obtained is
dissolved in methylene chloride (50 ml.) and evaporated
under reduced pressure onto silica gel (50 g.) which has
been deactivated with water (12% w/w) and then equil-
ibrated with a 1:50 v/v mixture (10% w/w) of acetone
and chloroform. The silica gel residue is added to the
top of a dry column (120 cm. X 4.5 cm.) of silica gel
(1900 g.) deactivated and equilibrated with solvent aS
above. The column is then eluted with a 1:50 v/v mix-
ture of acetone and chloroform and fractions (25 ml.)
collected and analysed by thin layer chromatography
(TLC) on silica gel plates using a 4:95 v/v mixture of
acetone and chloroform as eluant (hereinafter referred
to as “System A”). There is thus obtained from fractions
numbered 80 to 120, after evaporation of solvent and
crystallisation of the residue from a mixture of ether and
petrol, (*)-68-n-butyl-3,3aa,6,6aa-tetrahydro-3a-
methoxycarbonylfuro[3,4-b)furan -2,4-dione (2.3 g.),
m.p. 70°-72° C., R, 0.63 (System A).

In a similar manner, but starting from the correspond-
ing olefinic triester of formula XVI in Example 9, there
are obtained the following (%)-68-substituted-3,3aa,6-

,6aa-tetrahydro-3a-methoxycarbonylfuro[3,4-b]furan-
2,4-diones: |

Compound
No. 6-substituent m.p.° C. Yield % R, (System A)
1 n-hexyl! 70-72 4 0.69
2 methyl? 112-113 7 0.45
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-continued
Compound Compound ' Yield Recrystallisation
No. 6-substituent m.p. ° C. - Yield % R (System A) No. 6-substituent Yo m.p. ° C. solvent
3 3 63— _ 1 a-n-hexyl 69 100-101 ether: petrol
phenyl 163-165 13 0.77 5 2 a-n-decyl 81 98-99 ether

Notes: 3 a-phenyl 45 164-166 acetone: petrol
'Initial chromatography in ether / petrol omitted; crude product purified instead by 4 B-n-hexyl 66 535-57 ether: petrol
chromatography in chloroform as eluant on a column (120 cm. X 4.5 em.) of silica
gel (1900 g.) loaded dry but deactivated by water (12% w/w) and equilibrated with
chloroform (10% w/w); product isolated from fractions (25 ml.) numbered 160 to
190. EXAMPLE 13

Tnitial chromatography in ether /petrol omitted; crude product purified instead as 10

in Note 1 but using a 1:50 v/v mixture of acetone and chloroform as eluant; product
isolated from fractions (25 ml.) numbered 150 to 200.

YProduct isolated without chromatography by crystallisation of crude material from
a mixture of acetone and petrol.

EXAMPLE 11

A solution of (#)-6a-n-propyl-3,3aa,6,6aca-tetrahy-
dro-3-a-methoxycarbonylfuro[3,4-b]furan-2,4-dione
(1.0 g.) in a mixture of acetic acid (23 ml.), concentrated
hydrochloric acid (14 ml.) and water (4 ml.) is stirred at
55° C. for 2 hours to give (=*)-6-a-n-propyl-3,3aa,6-
;6aa-tetrahydrofuro(3,4-b]furan-2,4-dione-3-a-carboxy-
lic acid in situ. Evaporation gave a residue which is
shaken for 1 minute at a temperature of 20°-25° C. with
a mixture of acetic acid (8 ml.), anhydrous sodium ace-
tate (0.21 g.), 40% w/v aqueous formaldehyde solution
(5.8 ml.) and diethylamine (2 ml.). The mixture is heated
at 95°-100° C. for 5 minutes and the solution which is
obtained is cooled to 20°-25° C., diluted with water (500
ml.) and extracted with ether (3 X 100 ml.). The ethe-
real extracts are washed with saturated agqueous sodium
~ bicarbonate solution, the sodium bicarbonate washings
further extracted with ether (50 ml.), and the combined
ethereal extracts dried (sodium sulphate) and evapo-
rated. The resultant oil crystallises on addition of ether
(3 ml.), and 1s recrystallised from a mixture of ether and
petrol to give (X)-6a-n-propyl-3,3aa,6,6aa-tetrahydro-
3-methylenefuro[3,4-b]furan-2,4-dione (0.683 g.), m.p.
60°-63° C.

The above process is repeated using the correspond-
ing (*)-6-substituted-3,3aa,6,6aa-tetrahydro-3a-
methoxycarbonylfuro|3,4-blfuran-2,4-dione as starting
material to give a (=)-6-substituted-3,3aa,6,6aa-tet-
rahydro-3-methylenefuro]3,4-blfuran-2,4-dione as fol-
lows:

Compound % Recrystallisation
-No. 6-substituent m.p. ° C. yield solvent

| B-n-hexyl 90--92 56 ether/petrol

2 B-phenyl 159-160 65 ether/petrol

3 a-methyl 112-113 23 ether/petrol

4 a-n-hexyl 66-67 44 ether/petrol

5 a-n-octyl 67-72 55 acetone/petrol

6 a~-n-decyl 77-78 62 chloroform/petrol
7 a-phenyl 134-136 44 chloroform/petrol

EXAMPLE 12

Using a similar procedure to that described in Exam-
ple 5 for the preparation of (%)-6a-n-butyl-3,3aa,6,6aa-
tetrahydro-38-methylfuro[3,4-b]furan-2,4-dione,  but
starting with the corresponding (&:)-6-substituted-
3,3aa,6,6ac-tetrahydro-3-methylenefuro|3,4-bjfuran-
2,4-dione as starting material, there are obtained the
following (=)-6-substituted-3,3aa,6,6aa-tetrahydro-3 -
methylfuro[3,4-b]furan-2,4-dione derivatives:
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The process described in Example 6 is repeated but
using the appropriate 6-substituted-3,3aa,6,6aca-tetrahy-
dro-3-methylenefuro|3,4-b}furan-2,4-dione and substi-
tuted mercaptan of the formula R°-SH as starting mate-
rials. There is thus obtained a 6-substituted-3,3ac,6,6ac-
tetrahydro-3-substituted thiomethylfuro[3,4-b]-furan-
2,4-dione of the formula:

RI I
O
O =0
|
O CH,SR?
Com-
pound Yield
No. R R’ % m.p. ° C.
1 S-n-butyl 4-tolyl 82 99-101
2 f-n-butyl 3-tolyl 49 8§5-86
3 S-n-butyl 2-tolyl 66 105-107
4 B-n-butyl 4-chlorophenyl 85 119-122
5 B-n-butyl 4-bromophenyl 80 110-114
6 3-n-butyl 4-fluorophenyl 77 114-116
7 B-n-butyl 2-bromophenyl 75 104-105
8 B-n-butyl 4-methoxyphenyl 55 68-70
9 S-n-butyl 3-methoxyphenyl 50 79-80
10 B-n-butyl 2-carboxyphenyl 70 124-125
i1 B-n-butyl 4-bromo-3-methyl-
phenyl 73 102-103
12 B-n-butyl benzyl 77 86-87
13 a-n-propyl phenyl 61 95-97
14 a-n-butyl phenyl 66 98-102
15 a-n-octyl phenyl 35 87-88
16 a-n-decyl phenyl 65 86-87
17 a-phenyl phenyl 88 —
(see Note 2)
18 B-n-hexyl phenyl 45 122-123
19 B-phenyl phenyl 56 199-200
Note i:

These compounds are isolated as epimeric mixtures. Thus compound 1 is a mixture
of 6B-n-butyi-3,3aa,6,6aa-tetrahydro-3a- and 68-n- butyl 3,3a0,6,6ac-tetrahydro-
3f3-(4-tolyDthiomethyifuro[3,4-b]furan-2,4-dione.

Note 2:

Compound 17 is 1solated as a solid of low melting point but with the following
physical properties:- TLC: single component, R /0.69 (System A); R ,0.26 (on silica
plates using a 1:1 v/v mixture of ether and petru{ hereinafter referred to as “System
B”).

NMR: multiplet, 2.5-2.87 (10 protons; phenyl-H); singlet, 4.337 (1 proton, 68-H);
doublet 4.957 (J 7c/s; 0.8 protons; 6aa-H, epimer 1); doublet, 5.10r (J6 c/s; 0.2
protons; 6aa-H, epimer 2); multiplet, 6.4-7.0r (4 protons; 3H, 3acH and
=—CH,S—); 100 MH_spectrum run on sample in solution in deuteriochloroform.

EXAMPLE 14

A solution of an epimeric mixture of 68-n-butyl-
3,3aa,6,6aa-tetrahydro-3a-and 68-n-butyl-3,3aa,6,6aa-
tetrahydro-38-phenylthiomethylfuro(3,4-bljfuran-2,4-
dione (0.1 g.) in chloroform (1 ml.) is injected onto a
column of silica gel (60w particle size; column dimen-
sions 31 cm. X 2.5 cm.) arranged for high pressure
liquid chromotography (HPI.C). The column is eluted
with a 2:3 v/v mixture of methylene chloride and hex-
ane (mixed fraction, b.p. 68°-70° C.; hereinafter referred
to as “hexane”) at a flow rate of 5 ml./min. and the

~¢eluant collected in fractions (25 ml.) for analysis by

TLC (on silica gel plates, using methylene chloride as
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eluant). The fractions numbered 31 to 50 are combined
and evaporated. The residue obtained is recrystallised
from a mixture of chloroform and petrol to give 68-n-
butyl-3,3aa,6,6aa-tetrahydro-3-8-phenylthiomethyl-

furo[3,4-bjfuran-2,4-dione (0.060 g.), m.p. 118° C, R,

0.71 (on silica gel using methylenechloride as an eluant).
Similarly from fractions numbered 55 to 77 there is
obtained, after recrystallisation from a mixture of chlo-
roform and petrol, 68-n-butyl-3,3aa,6,6aa-tetrahydro-
3-a-phenylthio-methylfuro[3,4-b]furan-2,4-dione (0.020
g.), m.p. 127°-128° C., RA.59 (on silica gel using methy-
lene chloride as eluant).

EXAMPLE 15

A solution of (%)-6a-n-butyl-3,3aa,6,6aa-tetrahydro-
3Ja-methoxycarbonylfuro[3,4-b}furan-2,4-dione  (0.512
g.) in dimethylformamide (10 ml., dried by distillation
from calcium hydride) is added to a stirred suspension
of sodium hydride (0.090 g.) in the same solvent (10 ml.)
under an argon atmosphere. Iodomethane (2 ml) is
added and the mixture is heated at 40° C. for 2.5 hours
under reflux. After cooling to 20°~25° C., the mixture is
added to a saturated aqueous solution of ammonium
chloride (500 ml.). The mixture is extracted with chlo-
roform (3 X 100 ml.) and the combined extracts are
dried (sodium sulphate) and evaporated under reduced
pressure. The residue (0.466 g.) thus obtained is dis-
solved in methylene chloride (5 ml.) and adsorbed by
evaporation of solvent onto silica gel (2.5 g.) which has
been deactivated by water (12% w/w) and equilibrated
with a 1:33:66 v/v mixture (10% w/w) of acetone,
chloroform and petrol respectively. The silica gel resi-
due 1s added to the top of a dry column (45 cm. X 2.5
cm.) of silica gel (650 g.) prepared as above, and the
column eluted with the above three component solvent
mixture. Fractions (25 ml.) are then collected and
analysed by TLC (System A). The fractions containing
material of R;0.8 are combined and evaporated under
reduced pressure. The residue produced is recrystal-
lised from a mixture of ether and petrol to give the high
Rrvalue, C3-epimer of (3)-6a-n-butyl-3,3aa,6,6aa-tet-
rahydro-3-methoxycarbonyl-3-methylfuro|3,4-b]furan-
2,4-dione (0.085 g.), m.p. 78° C. By a similar treatment
of the fractions containing material of R, value 0.75,
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there is obtained the lower R, value, C3-epimer of 45

(*)-6a-n-butyl-3,3aa,6,6aa-tetrahydro-3-methoxycar-
bonyl-3-methylfurof3,4-blfuran-2,4-dione (0.097 g.),
m.p. 58° C.

Using a similar procedure, there is obtained in 60%
yield from (=*)-68-n-butyl-3,3aa,6,6aa-tetrahydro-3a-
methoxycarbonylfuro[3,4-b]furan-2,4-dione, a C3-epim-
eric mixture of (Z)-683-n-butyl-3,3aa,6,6aa-tetrahydro-
3-methoxycarbonyl-3-methylfuro|3,4-blfuran-2,4-
dione, m.p. 77°-79° C., R,values: 0.70,0.50 (System A).

EXAMPLE 16

A solution of (£)-6a-n-butyl-3,3aa,6,6aa-tetrahydro-
3a-methoxycarbonylfuro|3,4-b]furan-2,4-dione  (0.512
g.) in dimethylformamide (10 ml., dried by distillation
from calcium hydride) is added to a stirred suspension
of sodium hydride (0.100 g.) in the same solvent (10 ml.)
under an atmosphere of argon. 1-Iodopropane (2.5 ml.)
is added and the mixture is heated for 3 hours at 80° C.
After cooling to 20°-25° C., the mixture is added to a
saturated aqueous solution of ammonium chloride (500
ml.) and extracted with chloroform (3 X 100 ml.). The
combined extracts are dried (sodium sulphate) and
evaporated to give as the residue, a C3-epimeric mix-
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ture of (Z)-6a-n-butyl-3,3aa,6,6aa-tetrahydro-3-
methoxycarbonyl-3n-propylfuro]3,4-blfuran-2,4-dione.
A solution of this residue in glacial acetic acid (18 ml.)
and concentrated hydrochloric acid (18 ml.) is heated at
110°-120° C. for 2 hours. After cooling to 20°-25° C.,
the solution is evaporated. The residue obtained is dis-
solved in the minimum volume of methylene chloride
and adsorbed by evaporation of solvent onto silica gel
(2.5 g.), which has been deactivated with water (12%
w/w) and equilibrated with a 1:33:66 v/v mixture (10%
w/w) of acetone, chloroform and petrol respectively.
The silica gel residue is added to the top of a dry col-
umn (45 cm. X 2.5 cm.) of silica gel (650 g.) prepared-as
above, and the column eluted with the above three
component solvent mixture. Fractions (25 ml.) are then
collected and analysed by TLC using System B. The
fractions containing material of R/0.45 are combined an
evaporated. The residue obtained is crystallised from a
mixture of ether and petrol to give in 21% vield (3)-6a-
n-butyl-3,3aa,6,6aa-tetrahydro-3a-n-propylfuro[3,4-
b]furan-2,4-dione, m.p. 105°~106° C. By a similar treat-
ment of the fractions containing material of R .31,
there is obtained in 38% yield (3)-6a-n-butyl-3,3aa,6-
,6aa-tetrahydro-383-n-propylfuro[3,4-b]furan-2,4-dione,
m.p. 104°-106° C.

Using a similar procedure to that described above,
but starting from the corresponding (=)-6-substituted-
3,3aa,6,6aa-tetrahydro-3-a-methoxycarbonylfuro[3,4-
b]Jfuran-2,4-dione and corresponding 1-iodo-alkane,
there are obtained in situ the C3-epimeric mixtures of
the following (=)-6-substituted-3,3aa,6,6aa-3-alkyl-3-
methoxycarbonylfuro]3,4-b}-furan-2,4-diones:

Ester
No. 6-substituent 3-alkyl substituent

1 a-n-butyl n-pentyl

2 a-n-butyl n-decyl

3 B-n-butyl n-pentyl

4 B-n-butyl n-decyl

5 B-n-butyl methyl

6 B-phenyl

methyl

and, by hydrolysis and decarboxylation of the above
3-alkyl-3-methoxycarbonyl derivatives, the correspond-
ing (Z)-6-substituted-3,3aa,6,6aa-3-alkylfuro|3,4-b]fu-
ran-2,4-diones:-

Com-
pound 3-alkyl R, Yield
No.  6-substituent substituent m.p. °C. (system) %o
1 a-n-butyl a-n-pentyl 129-130 0.59, B 19
2 a-n-butyl B-n-pentyl 121-123  0.35, B 35
3 a-n-butyl a-n-decyl 104-108 0.62, B 17
4 a-n-butyl A-n-decyl 105-110 042, B 30
5 8-n-butyl a-n-pentyl  129-130  0.40, B 9
6 B-n-butyl B-n-pentyl 132-147 0.30, B 34
7 -n-butyl B-n-decyl 137-139 0.35, B 36
8 a-n-butyl a-methyl 75-76 0.70, A 7
9 a-n-butyl -methyl 82-83 0.64, A 30
10 B-phenyl a-methyl  160-161  0.40, A 6
11 B-phenyl B-methyl  191-192 033, A 58
Note 1:

Solvent mixtures used as dry column eluants and for equilibration of column silica
gel for the purification of the compounds immediately above are as follows:-
Compounds No. 1-4; 1:33:66 v/v of acetone, chloroform and petrol respectively.
Compounds No. 5-6; 1:1 v/v of ether and petrol.

Compound No. 7; 1:33:66 v/v of acetone, chloroform and hexane respectively.

Compounds No. 10-11; 5:95 v/v of acetone and chloroform respectively.
Note 2:

Compounds No. 8 and 9 are separated by high pressure liquid chromatography
(HPLC) on a similar column to that used in Example 14 using a 1:33:66 v/v mixture
of acetone, chloroform and hexane respectively as eluant, and a flow rate of 4
ml./minute,
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EXAMPLE 17

A solution of succinic anhydride (1.6 g.) in tetrahy-
drofuran (20 ml.) is stirred with a solution of a-dime-
thylsulphuranylidene-n-hexanophenone (4.0 g.) in tetra-
hydrofuran (20 ml.) for 2 hours at room temperature.
The mixture is then heated under reflux for 5 hours and
evaporated to dryness. The residual oil is dissolved in
ethyl acetate (100 ml.) and the solution washed with a
saturated aqueous solution of sodium hydrogen carbon-
ate and then with water. The ethyl acetate solution is
dried (magnesium sulphate) and evaporated. The resi-
due obtained is dissolved in the minimum volume of
methylene chloride and adsorbed, by evaporation of
solvent, onto silica gel (10 g.) which has been deacti-
vated with water (12% w/w) and equilibrated with a
3:2 v/v mixture of ether and hexane (10% w/w). The
stlica gel is added to the top of a dry column (45 cm. X
2.5 cm.) of silica gel (650 g.) prepared as above, and the
column eluted with the above mixture of ether and
hexane. Fractions (25 ml.) are then collected and
analysed by TLC (System B). The fractions (No. 58 to
76) containing material of R,0.24 are combined and
evaporated. The residue thus obtained 1s recrystallised
from a mixture of acetone and petrol to give a C6-epim-
eric mixture of (=+)-6-n-butyl-3,3aa,6,6aa,tetrahydro-
6aa-phenylfuro[3,4-b}-furan-2,4-dione (0.130 g.), m.p.
145° C. |

The a-dimethylsulphuranylidene-n-hexanophenone
used as starting material 1s obtained as follows:

Anhydrous aluminium chloride (0.120 g.) is added to
an ice-cooled solution of n-hexanophenone (21.1 g.) in
anhydrous ether (20 ml.). The mixture is stirred and
ice-cooled to a temperature below 10° C. during the
dropwise addition of bromine (6.0 ml.) during 1 hour.
The mixture is evaporated and the residual oil dissolved
in ether (100 ml.). The solution obtained 1s washed first
with a saturated aqueous solution of sodium thiosul-
phate (3 X 30 ml.) and then with water. After drying
(sodium sulphate) the ethereal solution is evaporated to
give a-bromo-n-hexanophenone as an oil (28.0 g.)
which is used without further purification.

A mixture of a-bromo-n-hexanophenone (25.2 g.),
dimethyl sulphide (12.4 g.), silver tetrafluoroborate
(19.4 g.) and acetone (60 ml.) is stirred at 20°-25° C. for
16 hours. The residual silver salts are separated by filtra-
tion and washed with ethanol (20 ml.). The filtrate and
washings are then evaporated and the residual syrup is
extracted with ether (3 X 200 ml.). Evaporation of the
ethereal extracts gives l-benzoylpentyl dimethylsul-
phonium tetrafluoroborate as a syrup (36.0 g.), which is
used without further purification.

A mixture of a saturated aqueous solution (72 ml.) of
potassium carbonate and a 12.5 M aqueous solution (10
ml.) of sodium hydroxide is added to an ice-cooled,
vigorously stirred solution of 1-benzoylpentyl dime-
thylsulphonium tetrafluoroborate (36.0 g.) in chloro-
form (100 ml.) at such a rate that the temperature does
not exceed 10° C. After the addition is complete, the
mixture 1s allowed to warm up to 20° C. and is stirred at
this temperature for 15 minutes. The mixture is then
separated by filtration and the chloroform layer of the
filtrate is dried (sodium sulphate) and evaporated to
give an oily residue. Trituration of this residue with
ether (5 ml.) gives crystalline a-dimethylsulphuranyli-
dene-n-hexanophenone (4.0 g.), which is used as starting
material immediately.
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EXAMPLE 18

The process described in Example 4 is repeated ex-
cept that (4-)-6a-n-decyl-3,3aq,6,6ac-tetrahydro-3a-
methoxycarbonylfuro{3,4-blfuran-2,4-dione is used as
starting material. There is thus obtamed (Z)-6a-n-
decyl-3,3aqa,6,6aa-tetrahydrofuro[3,4-b}furan-2,4-dione
in 80% yield, as a crystalline solid, m.p. 113°~114° C.

EXAMPLE 19

Using a similar procedure to that described in Exam-
ple 16 for the preparation of (%)-6a-n-butyl-3,3ac,6-
,6aca-tetrahydro-3-n-propylfuro|3,4-bjfuran-2,4-dione,
there is obtained from (3-)-68-n-butyl-3,3aa,6,6aa-tet-
rahydro-3a-methoxycarbonylfurof3,4-b]furan-2,4-
dione, first the C3-epimeric mixture (=)-683-n-butyl-
3,3aa,6,6aa-tetrahydro-3-methyl-3-methoxycarbonyl-
furo[3,4-b]furan-2,4-dione in situ and then, after hydro-
lysis and decarboxylation using the procedure described
in Example 16, the C3-epimeric mixture (=+)-68-n-
butyl-3,3aa,6,6aa-tetrahydro-3-methylfuro[3,4-b]furan-
2,4-dione. This mixture is separated by high pressure
liquid chromatography (HPL.C) on a similar column to
that used in Example 14 but using a 40:9:1 v/v mixture
of ether, petrol and acetone respectively as eluant, and
a flow rate of 4 ml./minute. There is thus obtained in
10% vyield from fractions (25 ml.) numbered 14-16,
(=)-68-n-butyl-3,3aa,6,6ac-tetrahydro-3a-methyl-
furo[3,4-b]-furan-2,4-dione, m.p. 97° C., R/0.76 (System
A). Similarly from fractions numbered 18-24, there is
obtained in 46% yield (+)-68-n-butyl-3,3aaq,6,6ac-tet-
rahydro-38-methylfuro]3,4-b]furan-2,4-dione, m.p.
74°-76" C., R(0.68 (System A).

EXAMPLE 20

A mixture of 50 parts by weight of canadensolide, 27
parts by weight of lactose, and 20 parts by weight of
maize starch is thoroughly stirred, and a paste formed
from 2 parts by weight of maize starch and 40 parts by
weight of water is added and thoroughly mixed. The
resulting mass 1s passed through a 16-mesh screen, dried
at 60° C. to constant weight and then passed through a
20-mesh screen. 1 Part by weight of magnesium stearate
1s added to the granules thus obtained and the mixture is
compressed into tablets by conventional means. There
are thus obtained tablets each weighing 100 mg. and
containing 50 mg. of active ingredient which aré suit-
able for oral administration to man for therapeutic pur-
pOSes. |

EXAMPLE 21

The process described in Example 20 is repeated
except that 200 parts by weight of canadensolide, 120.5
parts by weight of lactose, 60 parts by weight of maize
starch, a paste formed from 6 parts by weight of maize
starch and 120 parts by weight of water, and 3.5 parts
by weight of magnesium stearate are used as ingredi-
ents. There are thus obtained tablets each weighing 400
mg. and containing 200 mg. of active ingredient which
are suitable for oral administration to man for therapeu-
tic purposes.

EXAMPLE 22

A mixture of 50 parts by weight of canadensolide, 33
parts by weight of calcium phosphate, 10 parts by
weight of microcrystalline cellulose and 4 parts by
weight of calcium carboxymethylcellulose is thor-
oughly stirred and a paste formed from 2 parts by




4,103,023

21

weight of polyvinylpyrrolidone and 40 parts by weight
of water is added and thoroughly mixed. The resulting
mass 18 passed through a 16-mesh screen, dried at 60° C.
to constant weight and then passed through a 20-mesh
screen. 1 Part by weight of magnesium stearate is added
to the granules thus obtained and the mixture is com-
pressed into tablets by conventional means. There are
thus obtained tablets each weighing 100 mg. and con-
taining 50 mg. of active ingredient which are suitable 10
for oral administration to man for therapeutic purposes.

EXAMPLE 23

The process described in Example 22 is repeated
except that 200 parts by weight of canadensolide, 120
parts by weight of calcium phosphate, 40 parts by
weight of microcrystalline cellulose, 20 parts by weight
of calcium carboxymethylcellulose, a paste formed
from 16 parts by weight of polyvinylpyrrolidone and 20
320 parts by weight of water, and 4 parts by weight of
magnesium stearate are used as ingredients. There are
thus obtained tablets each weighing 400 mg. and con-
taining 200 mg. of active ingredient which are suitable ,.
for oral administration to man for therapeutic purposes.

EXAMPLE 24

The canadensolide used as active ingredient in any
one of Examples 20-23 may be replaced by a similar 30
amount of 3-epi-dihydrocanadensolide (683-n-butyl-
3,3aq,6,6aa-tetrahydro-38-methylfuro|3,4-blfuran-2,4-
dione), or by any one of the known racemic compounds
hereinbefore described.

EXAMPLE 25

The canadensolide used as active ingredient in any
one of Examples 20-23 may be replaced by a novel
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compound as described in any one of Examples 1-8, or
in a numbered part thereof.

EXAMPLE 26

The canadensolide used as active ingredient in any

one of Examples 20-23 may be replaced by a novel
compound as described in any one of Examples 9-19 or
in a numbered part thereof.

What we claim is:-

1. A 3,3a,6,6a-tetrahydrofurol3,4-blfuran-2,4-dione
having the formula:-

O R 'p¢

wherein R!is a phenyl radical, R? is hydrogen, R3 is
hydrogen or a C,_g-alkyl radical, and R#is hydrogen or
a C, g-alkoxycarbonyl radical, or R? and R* together
form the methylene (—=CH,) radical.

2. A compound as claimed in claim 1 wherein R3is a
C,.ip-alkyl radical and R*is hydrogen.

3. A compound as claimed in claim 1 wherein R! has
the B-configuration.

4. A compound according to claim 1 which is 63-phe-
nyl-3a-methyl-3,3aa,6,6aa-tetrahydrofuro{3,4-b]furan-
2,4-dione. |

S. A compound according to claim 3 which is 63-phe-
nyl-38-methyl-3,3aa-6,6aa-tetrahydrofuro[3,4-b}furan-
2,4-dione.

6. A method for the treatment of duodenal or gastric
ulcers in warm-blooded animals, which comprises ad-

ministering to the said animal an effective amount of a

compound as claimed in claim 1.
* x *» * %*
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